A multiband rectangular microstrip antenna is designed and fed by microstrip line, which consists of three radiating elements operating in three frequencies at 2.4 GHz, 3.6GHz and 5.6GHz. This antenna is implemented on FR4-Epoxy dielectric substrate with relative permittivity of 3.38, substrate thickness of 1.52mm and dielectric loss tangent of 0.0027. The return loss and voltage standing wave ratio are less than -10dB and 2 respectively. Its compact size is with operation in wireless local area network and worldwide interoperability for microwave access communication.
Introduction
There are different shapes of antenna depending on its application. In general, the microstrip antenna has many unique and attractive properties. There seems to be little doubt that it will continue to find many applications. These properties include low profile, light weight, being compact and conformable to mounting structure, easy fabrication and integration with solid-state devices. These properties contribute to the successful application of microstrip antennas not only in the military, such as aircraft, missiles, space craft, but also in the commercial areas, such as mobile satellite system, terrestrial cellular communications, broadcast satellite system, and global positioning system. Recently, technology advances have improved its bandwidth from a few percent to tens of percent [1] . There are numerous and well-known methods to increase the bandwidth of antennas, including increase of the substrate thickness, the use of a low dielectric substrate, and the use of multiple resonators [2] , [3] .Therefore, the interest in multiband antenna is increasing, especially in order to reduce the number of antenna embedded in combining multiple application on a single antenna [4] .
In this paper, researchers propose an antenna designed with FR4-Epoxy dielectric substrate, which has the width and length of W=35mm and L=34mm respectively. Moreover, the design has been simulated by using high frequency structure simulator software (HFSS) [5] . The operating bands are evaluated by using the software with the criterion of return loss S11 less than -10dB. With reference to the simulation results, it is shown that the multiband antenna has achieved good results once researchers make comparison with the IEEE 802.11/N [6] for verification.
Size, Structure and Design Equations
In the present study, researchers are interested in the rectangular shape multiband antenna, which is widely used in cell phones, WiMAX [7] and mobile communication. There are various shapes of microstrip antennas. A rectangular patch shape is used for efficient and good performance of this antenna. Also, a thick substrate having a low dielectric constant is used, providing better efficiency, relatively improved bandwidth and better radiation pattern. However, this configuration increases the size of the antenna. One of the major factors that were put into consideration was that a substrate with good dielectric constant is used. The dielectric constant is properly chosen such that it gives better efficiency and larger bandwidth. The effective dielectric constant is a function of frequency. As the operation frequency increases, the effective dielectric constant approaches the value of dielectric constant of the substrate [8] . A substrate with high dielectric constant reduces the 3rd International Conference on Management, Education, Information and Control (MEICI 2015) dimensions of the antenna but it also affects antenna performance. Hence, the height of the dielectric substrate should be less than 3. All these factors are put into consideration. The proposed structure is shown in Fig. 1 .
In order to make this antenna meet the design requirements, researchers follow some procedures as follows: First of all, researchers have chosen the dielectric permittivity of the dielectric to give maximum bandwidth, and chosen the dielectric from FR4-Epoxy dielectric constant εr = 3.38, Substrate h = 1.52mm and dielectric loss tangent δ = 0.0027. As for the substrate selection, the major consideration is the dielectric constant. A high dielectric constant will result in a smaller patch size but this will generally reduce bandwidth efficiency and might have difficulty in fabricating a very small patch size antenna [9] . The two most popular and often used closed-form equations for the fundamental-mode rectangular patch are given by: Hence, the effective dielectric constant is given as:
These equations are used in predicting the resonant frequency, substrate thickness and dielectric constant of the antenna.
The above concept is followed. Researchers have tried to use the size given in the Table1 and then investigated their availability. 
Feeding Technique
Microstrip Patch antenna can be fed by a variety of methods. However, the methods can be classified into contacting and non-contacting methods. In the case of contacting method, the RF power is fed directly to the radiating patch by using a connecting element like microstrip line. Similarly, in case of the non-contacting method, the electromagnetic field coupling is done to transfer power between the microstrip line and the radiating patch [10] . There are four types of feed techniques, including microstrip Line, coaxial probe, aparture coupling, and proximity coupling [11] - [14] . For this design, microstrip line method is used. In this type of feed techniques, a conducting strip is smaller in width as compared to the patch, and this kind of feed arrangement has the advantage that the feed can be etched on the same substrate to provide the shape. The purpose of the inset cut in the patch is to match the impedance of the feed line to the patch without the need for any additional matching element. This is achieved by properly controlling the inset position. Hence this is an easy feeding scheme, since it provides easy fabrication and simple modeling as well as impedance matching. However, as the thickness of the dielectric substrate being used increases, surface waves and spurious feed radiation also increases, which hampers the band-width of the antenna. This method has advantages over the other methods due to its simple structure.
Simulation Result
Parametric analysis is done in order to show the effects of different parameters on frequency. The parameters are changed in length and width of the patch and the substrate. The effects on frequency with respect to the above mentioned parameters are noted. The first designed and analyzed parameter is the length of the patch of the antenna. These parameters are denoted as: L1, L2, R1, R2, R3, R4 and W, and W respectively. It is observed that if the patch length is increased, the resonant frequency starts to decreased; if the patch length is decreased, the frequency starts to increase. It is clear that there is a regular pattern in change of resonant frequencies with change in the patch length. After optimizing the patch length along with other parameters, the required operating frequency is achieved at 2.4GHz, 3.6GHz, and 5.6GHz respectively. In addition, it is observed that with the increase in the width of patch, the resonant frequency of the antenna also increases; with the change of resonance frequency at a regular trend, the patch width also changes. However, the current distribution is changed by changing the length of ground plane. The suggested antenna design requires a small space. When being connected to a 50 ohms source, a VSWR < 2 across the 2.4GHz, 3.6GHz, and 5.6GHz ISM band should be provided. The radiation pattern values at each frequency are shown in Fig. 2 . The reflection at the feed point of the antenna determines how much the applied power is delivered to the antenna. Reflection of less than -10dB is obtained, implying that 90% of the available power is delivered to the antenna. The bandwidth is the frequency range, and the performance of antenna satisfies the specified standards of antenna parameters. From the design, at 2.4GHz, the upper frequency band is 2.40GHz and the lower frequency band is 2.30GHz with a return loss of 14.0083 respectively. The bandwidth is the difference between the upper frequency and the lower frequency. The simulation results for the return loss, VSWR and bandwidth is shown in Table 2 .
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Application
Antenna is a vital component of any communication system, which is used at both the transmitting end and the receiving end. It is a conduction device being made up of conductor. At the transmitting end, it converts the electrical energy into the space. At the receiving end, it receives the electromagnetic waves and transforms them into electrical signal which acts an input to the receiver. The popular applications of this antenna includes; Wi-Fi, WiMAX, Bluetooth and WLAN's. These are standard that allows devices to communicate with each other by using a Wi-Fi router as the central hub. All devices with Wi-Fi connected to router can have data exchanges between them or even with other devices on the internet, provided the router has an internet access or any of the devices. The single band Wi-Fi router operates at 2.4GHz frequency and the dual band router supports both 2.4 GHz and 5.4GHz only at a time. If there are users using both 2.4GHz and 5GHz you need to set up two routers with one operating at 5GHz and other at 2.4GHz. Another application is Worldwide Interoperability for microwave Access (WiMAX). This has been widely applied in mobile devices, such as handheld computers and intelligent phones, and this gives user the mobility to move around within a broad coverage area and still be connected to the network. This provides greatly increased freedom and flexibility. For the home users, wireless has become popular due to easy installation and location freedom. Therefore, there is continuously increased requirement of efficient and high performance antenna. This technique has been widely recognized as a viable, cost-effective and high-speed data connectivity solution, enabling user mobility. In practice, IEEE 802.11 WiMAX Standards consist of 3.6GHZ, and 5.5GHz frequency bands.
Conclusion
The analysis and design of microstrip antenna for wireless communication is presented. The proposed antenna can cover WI-Fi, WiMAX, and WLAN frequency band with values of VSWR at all these resonating frequencies < 2 and > 1, ensures that more than 90% of the available power is delivered to the antenna. Therefore, researchers can say that the designed antenna is resonating at three different frequencies. All these frequencies have their own operations. The proposed antenna is very compact, very easy to fabricate, hence can be manufactured in large quantities. It is fed by a 50Ω microstrip line, making it very attractive for current and future cellular phones. The major parameters considered for the antenna design are the radiation pattern, the voltage standing wave ratio, return loss and the operating frequency. The bandwidth is the range of frequencies on either side of the center frequency, where the antenna characteristics like input impedance, radiation pattern, beam width etc are close to those values, which have been obtained at the central frequency. The bandwidth is the ratio of upper frequency and the lower frequency known as broadband. Often, the desired bandwidth is one of the major determining parameters used to decide upon an antenna. For instance, many antenna types have narrow bandwidths and cannot be used for wide band opearation. Bandwidth is typically quoted in terms of Voltage Standing Wave ratio. It is often specified in terms of its fractional Bandwidth. The voltage standing wave ratio defines how far the impedance differs from 50 ohms with a wide-band antenna. In addition, the return loss S11 represents how much power is reflected from the antenna. If S11= 0dB then, all the power is reflected from the antenna and nothing is radiated. But, if S11= -10dB the standard value, this implies that if 3dB of power is delivered to the antenna, -7dB is the reflected power. The rest was accepted by the antenna. This accepted power is either radiated or absorbed as losses within an antenna. Since antennas are typically designed to be low loss, the majority of the power deliverd to the antenna is radiated. The return loss is the difference between forward and reflected power in dB.
